ABSTRACT
Extensive reports have shown that staples are modified (WHO, 2002; Iwe, 2010) for complementary feeding as they provide energy and proteins but poor sources of minerals (iron, zinc, and calcium) due to the presence of phytates that interfere their absorption. This therefore implies that staple foods must be eaten with other foods, remove phytates or fortified for a child to get enough nutrients. Soymilk, an off white aqueous extract of whole soybeans, has been reported as an economic protein source and good breast milk substitute from vegetable origin (Osuji & Ubbaonu, 2004; Fallon & Enig, 2007) . However, soymilk is deficient in vitamins and mineral (lower than RDI) which demands fortification (STS, 1987) . Germination/ sprouting of whole soybean and fortification of soymilk have long been adopted to improve the nutritional content of soymilk for school children (STS, 1987; Rafferty et al., 2007) . Sprouted soybeans provide readily consumed and digested soymilk thus making it a potential complementary food (WHO, 2002) . Food fortification, deliberate addition of one or more essential micronutrients to food (Clarke, 1995) , with shortfall essential nutrients has proved to be the optimal strategy in dealing with widespread nutrient deficiencies. Intervention studies have given a good account of successful fortification of modern diets. Soymilk has been successfully fortified with vitamin B12, fat (Omega fatty acids and fish oil), ascorbate and calcium to prevent development of their deficiency symptoms in infants and young children (Fallon & Enig, 2007) . The aim of this study is to optimize the essential micronutrient content of fortified soymilk for complementary feeding using response surface analysis.
II. Materials and Methods
Soybean variety, TGX 923-2E, used was procured from the National Cereal Research Institute (NCRI) outstation, Amakama Olokoro in Abia state Nigeria.
Preparation of soymilk:
Cleaned and sorted whole soybeans were sprouted at room temperature for 72 hours after 12hrs tap water soaking (Mostafa et al., 1987) . The sprouted beans were boiled in 0.5%NaHCO3 solution for 20min, drained (Omosaiye et al., 1978) and hand-dehulled. The hulls and the shoots were removed by water floatation leaving soybean cotyledons which were milled into slurry with hot water (93 o c) in a ratio of 2.7 parts hot water to one part cotyledons (v/w) using QLink (Japan) variable speed kitchen blender (STS, 1987; Nsofor & Maduakor, 1992) . Soy extract obtained by screening the slurry through a double layered muslin cloth was evaluated for oil content (Soxhlet extraction) and marked up to 3.5% with soybean oil (IMF, 2004) in line with soymilk definition (Iwe, 2003) .
Fortification of soymilk and experimental analyses: Marked up soymilk bulk was fortified according to the experimental design matrix (Table 02) . Each run was separately bottled and labeled. All samples were sterilized at121 o C for 5 min, analyzed before storing for 12 weeks at ambient temperature (25 to 32 0 C) for same analysis fortnightly. Vitamin C was determined according to using Buck Model 200A AAS, oil content by soxhlet method, crude fiber and ash according to AOAC method and carbohydrate by difference (Iwe & Ngoddy, 1998 ). The energy level of the samples was determined by calculation using energy values of food components (Mullan, 2006 (Table 01 ) were used to generate 15 experimental rums which when replicated six times at center point only for estimation of error points gave 21 experimental runs used for the study (Table 02 ). The model is summarized into equation (1).
Where, Y = dependent variables, Xi and Xj = coded independent variables in the model, K = number of independent variables, βo = intercept (constant or model regression coefficient), Ɛ = random error term, Βi,, βj and βij = linear, quadratic and cross-product regression terms respectively. The variables were chosen based on their synergetic effects on growth (Fallon & Enig, 2007) , and reasonably spaced to differentiate their influence on the responses. X1, X2 and X3 each represents concentration (mg/100ml) of dietary iron, calcium and vitamin C fortificant used in the fortification trials. Each row represents a fortification trial run or adjustment levels of the process variable combination at one run. Y1, Y2, and Y3 represent dietary iron, calcium and vitamin C responses respectively. A regression data analyses were carried out (Table 03) on each run using Minitab software (version 11.21) to generate the estimated regression coefficients, coefficient of determination (R 2 ), correlation coefficients and ANOVA. Statistical significance was acceptable at 5% probability level (p ≤ 0.05). The 3-dimensional response plots were performed with Matlab software (R2007b) package to have a mental picture of independent variables effects on response.
III. Results and Discussion

Dietary iron content
Dietary iron concentration (Table 02) The fitted model is well adequate to predict iron increase by ferric ammonium citrate with a satisfactory R value of 0.99. Ignoring the non-significant terms, the real prediction equation becomes: (Table 02 ). The yield is therefore reliable, acceptable and can fit into first order polynomial equation well. Calcium carbonate is therefore the major contributor to iron concentration with correlation coefficient of 0.99 which signified a very high correlation between the experimental and predicted values of the variables (Table 03) . Therefore, the fitted model is adequate to predict the variation. Dropping the non-significant terms from the regression equation, the real prediction equation becomes:
Where Y is the observed value of calcium and X2 is the coded value of calcium carbonate. Calcium concentration here is dependent on the linear function of calcium carbonate.
ANOVA (Table 03 ) indicated strong significant (P < 0.05) effect of calcium carbonate (X2) on the calcium concentration of the soymilk. None of the interaction visualized (Figure 03 and 04) between any two of three variables contributed significantly (p ≤ 0.05) to calcium increase (Table 03) indicating calcium stability and compatibility with other fortificants and soymilk components, hence product stability (Barclay, 2011). Besides, calcium carbonate was not heat labile (Onwuka, 2005) . Lack of stabilizer may likely have permitted negligible interactions (Table 03) . Samples from runs 1, 2, 5 and 6 require consumption of 300ml/d to meet the RDA. Sample of run 12 is a poor source while that of run 11 is an excellent source that requires 120ml/d to meet the RDA. The primary aim of calcium fortification was achieved. Despite these, levels of calcium concentration recorded (Table 03 ) may likely enhance absorption. Rafferty et al., (2007) had earlier reported that calcium is well absorbed when taken several times in small amounts (300mg/day) throughout the day while excess calcium complexes with protein and may prevent calcium availability. Strong and linear increasing tendency (P ≤ 0.05) of vitamin C fortificant accounted for 85.3% vitamin C content variation (Table 3 ). Vitamin C fortificant is therefore the major contributor to vitamin C content of fortified soymilk. This contribution (85.3%) was lower than 99.3% accounted for by both dietary iron and calcium which may be attributed to vitamin C loss ( Figure 07 and Table 02) ANOVA (Table 03) reported that nutritionists generally regarded any serving of food that provides 10 to 25% of daily vitamin C need as 'good' source, about 15 to 30mg as 'very good' source and above 30mg as 'excellent' source. If a single serving supplies more than the RDA of vitamin C, it is an 'exceptional' source. As vitamin C is needed in trace amount for proper biological functions (Onwuka, 2005) , it implies that the levels of vitamin C obtained in this study were adequate to meet the complementary needs of infants and young children.
Vitamin C content
IV. Conclusion
Significant nutrient increases due to fortification have projected fortified soymilk in this study as not only protein rich but also nutrient dense liquid food liable to meeting both energy and nutrient needs of infants and young children. Fortified soymilk has the potential of meeting the RDI of nutrients in view and therefore could be used along with breast milk of calorific value of 0.7Kcal alone, or along with adjunct foods like pap or snacks to eradicate protein-energy malnutrition problems prevalent among weaning infants in less developed countries to enhance rapid growth and development. The aim of fortification is therefore met. Statistical optimization using CCD appears to be a valuable tool for the fortification of soymilk to meet the RDI of the deficient micronutrients in view. This will in turn reduce processing cost through identification of maximum fortificant combinations that will achieve the desire RDI of the nutrients in question to avoid overdose diseases associated with exceeding the RDI for a long period.
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